Background: Epidemiologic evidence of a preventive effect of whole grain against type 2 diabetes is mainly based on data from women. Information specific to men and women is needed. Objective: The objective was to study the relation between the intake of whole grain and fiber and the subsequent incidence of type 2 diabetes. Design: The design was a cohort study of 2286 men and 2030 women aged 40-69 y and initially free of diabetes. Food consumption data were collected from 1966 through 1972 with the use of a dietary history interview covering the habitual diet during the previous year. During a 10-y follow-up, incident type 2 diabetes cases were identified in 54 men and 102 women from a nationwide register. Results: Whole-grain consumption was associated with a reduced risk of type 2 diabetes. The relative risk (adjusted for age, sex, geographic area, smoking status, body mass index, energy intake, and intakes of vegetables, fruit, and berries) between the highest and lowest quartiles of whole-grain consumption was 0.65 (95% CI: 0.36, 1.18; P for trend = 0.02). Cereal fiber intake was also associated with a reduced risk of type 2 diabetes. The relative risk between the extreme quartiles of cereal fiber intake was 0.39 (95% CI: 0.20, 0.77; P = 0.01). Conclusions: An inverse association between whole-grain intake and the risk of type 2 diabetes was found. The similar result for cereal fiber intake suggests that the whole-grain association is due to cereal fiber or another factor related to cereal fiber intake.
INTRODUCTION
Obesity and a low level of physical activity are the most potent risk factors for type 2 diabetes. Lowered overall intake of dietary energy can reduce the incidence of type 2 diabetes, as shown in a recent primary prevention study (1) , but the effect of specific dietary components on the incidence is still largely unknown. Dietary fiber is one nutrient that may provide protection against the disease. The beneficial effect of soluble fiber may be mediated through the slow absorption and digestion of carbohydrates that lead to a reduced demand for insulin (2) . Insoluble fiber shortens intestinal transit, which therefore allows less time for carbohydrates to be absorbed (3) . In line with this hypothesis, some of the few published epidemiologic studies have found an inverse association between fiber intake and the occurrence of type 2 diabetes (4-7). Whole-grain products are a rich source of fiber.
those with an SBP < 140 mm Hg and a DBP < 90 mm Hg were considered normotensive. All persons with intermediate values were considered to have borderline hypertension. Serum cholesterol concentration was determined by using an autoanalyzer modification (Auto-Analyzer Methodology N-24a and N-77; Technicon, Tarrytown, NY) of the Liebermann-Burchard reaction (12, 13) . Participants with a history of diabetes diagnosed by the physician at baseline were identified by information that the participants themselves gave. An oral-glucose-tolerance test was carried out for every subject who was not already diagnosed with diabetes (14) . The oral glucose load was graded according to body surface area. For practical reasons, only 3 doses of glucose (60, 75, and 90 g) were used. A blood sample was taken 1 h after the glucose load, and plasma glucose concentrations were determined with the use of an autoanalyzer. New diabetes cases were diagnosed at baseline with the use of diagnostic criteria of the World Health Organization (15) , and the persons in whom that diagnosis was made were also excluded from the study population.
Total habitual food consumption during the previous year was estimated by use of a dietary history interview (16) . The interviewers were nutrition professionals employing a questionnaire that listed over 100 food items to facilitate the interview.
Several questions were open-ended, which allowed respondents to be more specific in their answers. The respondents indicated the amounts of food consumed per day, week, month, or year. Reported amounts of food were converted to grams per day. Food models were used to help participants remember portion sizes. Mixed foods were evaluated in terms of their component ingredients with the use of a recipe file. Finally, the intakes of separate food items were combined and calculated per day (16) .
For classifying whole-grain and refined-grain variables, we used a modification of the procedure developed by Jacobs et al (17) . In contrast with previous studies, the whole-grain and refined-grain groups in the present study included only grains, mainly different breads and flour derived from mixed dishes. More specifically, the whole-grain food group contained rye bread, rye crisp bread, and all whole-grain flours and other products (rye, whole wheat, wheat germ, rolled oats, barley, millet, and buckwheat) derived from different grain foods [eg, porridge, gruel, and Karelian pie (a national food of rice pudding baked in rye pastry and greased by butter)]. In addition, breads prepared from mixtures of whole grains and refined grains were classified into the whole-grain group. The proportion of whole-grain flours in these mixtures was 25-50%, as determined from the available cookbook information. The refined-grain group contained white bread, wheat rusk, cream crackers, refined breakfast cereals, polished rice, and pasta. White wheat flour in sweet wheat buns and wheat flour and starches in cookies, cakes, and other foods (eg, porridge, gruel, sauce, pudding, and pancakes) were included in the refinedgrain category.
The vitamin B-6, folic acid, and magnesium contents of food items were estimated with the use of Finnish food-composition tables (18) . Data on fiber constituents (19) , fatty acids (20, 21) , vitamin E (22) , and ␤-carotene (23) contents were estimated with the use of analyzed values for Finnish foods. The intake of flavonoids was estimated from Dutch food-composition values (24, 25) . For berries not included in the Dutch analyses and commonly used in Finland, the flavonoids were estimated with recently analyzed values for berries in Finland (26) .
Grain products, especially whole grains, represented a major source of dietary fiber. On average, whole grains provided 71% and 56% of the total fiber in the diet of men and women, respectively. Whole grains contributed greatly to the intake of insoluble noncellulose polysaccharides (86% in men and 70% in women). The contribution to the intakes of lignin (72% in men and 57% in women) and cellulose (46% in men and 36% in women) was somewhat lower. In total, cereal fiber made up fourfifths (82%) of the total fiber intake in men and two-thirds (67%) of that in women.
Repeatability of the dietary history method was estimated after 4-8 mo (93 subjects) and 4-7 y (1844 subjects) by a second interview. The intraclass correlation coefficient for the short-term repeatability of total grain intake was 0.62 (27) . The corresponding coefficient for long-term repeatability (4-7 y) was 0.39. For whole-grain and refined-grain intakes, the short-term intraclass correlation coefficients were 0.57 and 0.49. In 4-7 y, the corresponding values had decreased to 0.35 and 0.36, respectively. The coefficient for total fiber intake of short-term repeatability was 0.65 and that of long-term repeatability was 0.39.
In Finland, all diabetic persons needing drug therapy are entitled to reimbursement of drug costs. A detailed medical certificate from the attending physician is required for reimbursement, and a central register of all patients receiving drug reimbursement is kept by the Social Insurance Institution. Participants in the present study were linked to this register through the individual social security code that is assigned to each Finnish citizen. During a 10-y follow-up, incident type 2 diabetes cases occurred in 54 male and 102 female participants. All medical certificates of the cases were checked, and all met the World Health Organization diagnostic criteria (15) for type 2 diabetes (14) .
Relative risks of type 2 diabetes, with 95% CIs between quartiles of different food items and nutrients, were calculated with the use of Cox's life table regression model (28) . Potential confounding factors including age, geographic area, smoking, body mass index, energy intake, and intakes of fruit and berries and vegetables were adjusted for in different multivariate models. Models for men and women separately and for men and women combined were used. When the data were analyzed for men and women combined, sex was added to the model. Tests of potential linear trends across quartiles of the dietary variables were carried out on the basis of a likelihood ratio test by including the variables in the model as continuous variables.
In addition, we examined whether alternative hypotheses might explain the associations by including in the model intakes of saturated fat, vitamins E and C, ␤-carotene, vitamin B-6, folic acid, flavonoids, and magnesium. Finally, a model including serum cholesterol and hypertension and a model including cereal fiber and lignin were used. Potential effect-modifying factors were studied by including interaction terms in the model.
RESULTS
Type 2 diabetes risk was positively associated with age ( Table 1 ). In addition, sex, higher BMI, and hypertension were significantly associated with the disease. At baseline, the mean consumption of whole grains was higher in men than in women. The average whole-grain intake was 218 ± 116.4 g/d for men and 150 ± 87.6 g/d for women. Nondietary risk factors showed no strong associations with whole-grain (Table 2) or fiber ( Table 3) intake. A significant trend (P for trend < 0.01) was observed between whole-grain and fiber consumption and the dietary variables considered, except for the intakes of whole grains and vegetables (Table 2 ) and of fiber, protein, and polyunsaturated fat (Table 3) . Grain consumption and fiber intake were positively associated with whole-grain intake, whereas the intakes of fruit and berries and of fat were inversely associated. The distribution of dietary variables by quartile of total fiber intake was quite similar to that by whole-grain intake (Table 3) . Grain consumption and the intake of different fiber components were positively associated with total fiber intake. During a 10-y follow-up, an inverse association between the intakes of total grain and whole grains and the incidence of type 2 diabetes was observed ( Table 4) . When the highest and lowest quartiles of total grain consumption were compared, the relative risk of type 2 diabetes, adjusted for age, sex, geographic area, and energy intake, was 0.39 (95% CI: 0.20, 0.76; P for trend = 0.001). The corresponding value for whole-grain intake was 0.64 (95% CI: 0.36, 1.15; P = 0.02). Further adjustment for smoking, BMI, and consumption of fruit and berries and vegetables did not notably alter the associations (Table 4) , nor did inclusion in the model of the potential intermediate factors serum cholesterol and hypertension (data not shown). The inverse relation between high whole-grain intake and diabetes was similar but nonsignificant after further adjustments for intake of saturated fat, vitamins E and C, ␤-carotene, vitamin B-6, folic acid, flavonoids, and magnesium. The relative risk in the final model including all considered confounders was 0.67 (95% CI: 0.32, 1.38; P = 0.09). Exclusion of the first 2 y of follow-up had no notable effect on the results (data not shown). We also included cereal fiber and lignin individually in the final model. After the inclusion of cereal fiber, the relative risk was 1.14 (95% CI: 0.49, 2.66; P = 0.63), and after that of lignin, it was 0.62 (95% CI: 0.29, 1.33; P = 0.95).
A higher intake of refined grains was related to a reduced incidence of disease (Table 4) . The relative risk, adjusted for age, sex, geographic area, and energy intake, between the highest and lowest quartiles of refined-grain intake was 0.61 (95% CI: 0.36, 1.05; P = 0.05). Inclusion in the model of intermediate or potential confounding nutritional factors had no essential effect on the results. The relative risk in the final model including age, sex, geographic area, smoking, BMI, energy intake, consumption of fruit and berries and vegetables, and intakes of saturated fat, vitamins E and C, ␤-carotene, vitamin B-6, folic acid, flavonoids, and magnesium was 0.58 (95% CI: 0.32, 1.05; P = 0.04).
Higher fiber intake was associated with a reduced risk of type 2 diabetes ( Table 5 ). For total fiber intake, the relative risk, adjusted for age, sex, geographic area, and energy intake, was 0.57 (95% CI: 0.30, 1.08; P = 0.07) between the highest and lowest quartiles. The corresponding value for insoluble noncellulose polysaccharides was 0.48 (95% CI: 0.25, 0.91; P = 0.02). Of fiber provided by different food groups, fiber from cereal, but not that from vegetables or fruit, was significantly associated with the risk of type 2 diabetes. The relative risk for cereal fiber was 0.36 (95% CI: 0.18, 0.70; P = 0.005). All associations remained significant in analyses including age, sex, geographic area, smoking, BMI, energy intake, and intakes of fruit and berries and vegetables in the models (Table 5 ). Further adjustment for intakes of saturated fat, vitamins E and C, ␤-carotene, vitamin B-6, folic acid, flavonoids, and magnesium did not notably attenuate the associations. The relative risk between the highest and lowest quartiles of total fiber intake was 0.53 (95% CI: 0.23, 1.22; P = 0.16) and that for cereal fiber intake was 0.37 (95% CI: 0.16, 0.82; P = 0.04). The corresponding values for insoluble noncellulose polysaccharides and lignin were 0.46 (95% CI: 0.21, 1.03; P = 0.06) and 0.77 (95% CI: 0.35, 1.71; P = 0.45), respectively.
Factors potentially modifying the association between wholegrain intake and type 2 diabetes incidence were also studied. No significant interaction was found for sex or any of the other variables considered ( Table 6) .
DISCUSSION
In the present study, an inverse association between wholegrain consumption and type 2 diabetes was observed. The association persisted after adjustment for potential confounding factors related to lifestyle, and the association was independent of the consumption of fruit and vegetables. Therefore, it appears conceivable that the beneficial association of whole-grain intake and the development of type 2 diabetes could be ascribed to factors specifically related to whole grains.
Whole-grain products are a good source of several vitamins (including vitamins E and B), minerals, and fiber. In epidemiologic studies, higher serum concentrations of ␣-tocopherol were related to a reduced risk of type 2 diabetes (14, 29) . Vitamin B-6 and folic acid have a potential effect of reducing the development of diseases linked to metabolic syndrome and type 2 diabetes through a lower concentration of serum homocysteine (30) . An inverse relation between magnesium intake and the risk of type 2 diabetes was shown in several prospective studies (4) (5) (6) . An abundant intake of saturated fat has also been related to an increased incidence of diabetes (31) . In the present study, the protective effect of whole-grain consumption was apparently not completely due to a higher intake of antioxidant vitamins, vitamin B-6, folic acid, or magnesium or to a lower intake of saturated fatty acids, because adjustment for these nutrients did not alter the results in men.
Whole grains, particularly rye, are a major source of dietary fiber for Finns. Accordingly, we found an inverse relation between the intake of total fiber, especially cereal fiber, and the risk of type 2 diabetes, whereas fiber derived from fruit or vegetables did not have an effect on diabetes risk. Adjustment for cereal fiber considerably weakened the association between whole-grain consumption and type 2 diabetes risk, which suggests that the relation of whole grain may be due to cereal fiber or to factors related to cereal fiber intake. These findings give further support to previous studies from the United States, which reported a reduced risk of type 2 diabetes with greater whole-grain (6, 8) or cerealfiber (4-7) intake.
In the present study, whole-grain consumption consisted mainly of rye bread, whereas in earlier studies, in the United States, whole-grain consumption was mainly whole wheat or other grains (6, 8) . There is evidence, based mainly on studies of diabetic subjects, that rye bread consumption also results in a lower glucose response than does white bread consumption (32) .
Cereal fiber consists of several components that apparently have different effects on glucose metabolism. Soluble fiber has been associated with reduced glucose and insulin responses, apparently because of the retarding effect of soluble fiber on gastric emptying and absorption (2) . On the other hand, a closer association between the intake of insoluble noncellulose polysaccharides, rather than of soluble fiber, and the risk of type 2 diabetes has been reported (6). It is suggested that the quicker intestinal transit allows less time for carbohydrates to be absorbed in the upper jejunum, thus relieving insulin demand (33) .
In the present study, whole-grain consumption was considerably lower in women than in men. Despite this difference, significant sex-specific interaction was not found, possibly because of the small number of subjects.
Certain methodologic limitations in our study may have influenced the results. The dietary history method used has limitations that may have caused some misclassification of subjects, and that 1 Adjusted for age, sex, and energy intake, except for age, which was adjusted for sex and energy intake; energy intake, which was adjusted for age and sex; and sex, which was adjusted for age and energy intake.
2 Whole-grain intake was significantly (P for trend < 0.01) associated with all dietary variables except vegetables. n = number of observations. 3 x -± SD. 1 Adjusted for age, sex, and energy intake, except for age, which was adjusted for sex and energy intake; energy intake, which was adjusted for age and sex; and sex, which was adjusted for age and energy intake.
2 P for trend < 0.01 in all dietary variables except protein and polyunsaturated fat. n = number of observations. 3 x -± SD. could tend to diminish the associations observed between exposure and outcome (34) . The result of the dietary history interview is always a subjective assessment of the respondent's own dietary habits. A period of 1 y is a lengthy time to recall. Food models were used to diminish errors in recall, and open-ended questions enabled respondents to be more specific in their answers. To minimize possible bias, trained nutrition professionals employed structured questionnaires. In the present study, the whole-grain and refined-grain groups were more specifically composed than in previous studies, because these categories included only grain, mainly different breads and flour in mixed dishes. Nevertheless, besides wholegrain bread, our whole-grain category included breads prepared from a mixture of whole-grain and refined-grain flours. The proportion of whole-grain flours in these mixed breads was not known, but, according to common recipes, it was estimated that whole-grain flours provided between one-quarter and one-half of the total amount of flour in these breads. When we excluded these mixed breads from the analysis, the suggested association of whole grains was not substantially changed (data not shown).
The short-term repeatability of the dietary history method was fairly good (27) . Long-term repeatability was poorer, which can be partly explained by changes in Finnish dietary habits. For this reason, the present study's follow-up was limited to 10 y. Because results did not change notably after the exclusion of incident cases during the first 2 y, it can be concluded that no preclinical disease phase biased our results.
We were unable to take into account some potential confounding factors. Physical activity could not be controlled for, but might have been partly considered indirectly by adjustment for BMI and energy intake. The use of vitamin supplements was another potential confounder that could not be controlled for. However, the influence of supplements was apparently negligible because, at the time of the baseline interviews, their use in Finland was rare (35) .
It has been suggested that a family history of diabetes could predict the development of type 2 diabetes. The fact that we could not control for a family history of diabetes may have altered the observed associations. The lack of significant interaction with 1 Relative risk; 95% CIs in parentheses. Adjusted for age, sex, geographic area, smoking status, BMI, energy intake, and intakes of vegetables and fruit and berries except when included in the interaction term. There were no significant interactions for any variable and risk of type 2 diabetes.
2 n = number of observations. 3 Persons with either mild or definite hypertension combined. 4 The extreme tertile of refined grain intake was > 96 g/d.
potential effect-modifying factors may be due to the relatively small number of cases. During the 10-y follow-up, information on cases of diagnosed type 2 diabetes was received from a nationwide registry of drug reimbursements. Patients treated by nutritional therapy only are not included in this registry. These "missing cases" may have led to a loss of statistical power.
In summary, we found a reduced risk of type 2 diabetes in persons with high whole-grain intake. This reduced risk was apparently due to cereal fiber intake. Alternatively, the reduction may be due to other bioactive compounds found in wholegrain products, such as lignans, tocotrienols, phytic acids, and other antinutrients.
